Selective solid and liquid media are used for the enumeration of coliform bacteria from frozen as well as unfrozen foods (1, 2, 4, 6, 9) . Cells of Escherichia coli are known to suffer sublethal injury from freezing (8, 10) . One of the manifestations of freeze-injured E. coli cells is their increased sensitivity to many selective agents including those present in media used for their enumeration and detection (7, 10, 11) . These selective agents presumably interfere with the reversible repair process of the injured cells and prevent their subsequent multiplication (11) . How much the selective media adversely affect the enumeration of E. coli and other coliforms present in frozen food is not clearly known. Some workers reported less than 25% recovery of coliforms on violet red-bile agar (VRBA) (3), whereas other workers observed good recovery on both VRBA and deoxycholate-lactose agar (DLA) (6, 9) . This study reports on the repair of freeze-injured cells of E. coli and their subsequent enumeration by selective media.
MATERIALS AND METHODS
Freezing and thawing of cells. E. coli strain NCSM, from the department stock collection, was grown on Trypticase soy broth supplemented with 0.3% yeast extract (TSYB) for 16 to 20 h at 35 C. The cells were harvested, washed, and suspended in sterile glass distilled water to a population of about 2 x 101 cells/ml. Cell suspensions in 10-ml portions were frozen in dry-ice acetone (-78 C) for 10 min and thawed at 8 C for 30 min. Details of these procedures have been described in a previous paper (10) . Although other strains also were used in certain experiments, comparable results were obtained; consequently, only the data obtained for (10, 11) . The plates were incubated at 35 C for 24 h after which the colonies were counted. For the most-probable-number (MPN) estimate, a total of five tubes in each of three successive decimal dilutions were used for each medium. A 1-ml portion from the appropriate dilution was used per tube containing 9 ml of Brilliant Green-bile broth (BGB) 499 or lauryl sulfate broth (LSB). The tubes were incubated for 48 h at 35 C, and the results were recorded by recommended methods (1, 2) .
When the effects of the nonselective and selective media were studied, 1 ml of the frozen sample was first diluted in 9 ml of sterile water from which 1 ml was added to 9 ml of the respective medium to give about 10" to 2 x 106 cells/ml. Enumeration was done by the methods described above. All the media were obtained from BBL and were prepared according to the manufacturer's direction.
Effect of freezing E. coli in foods. E. coli NCSM cells, harvested as described above, were suspended in four foods to a level of 2 x 10" cells/ml. Samples in 10-ml portions were frozen and thawed as before. The four foods used were: 10% reconstituted nonfat dry milk; meat broth (5% solids, prepared by boiling chopped veal and then filtering through cheese cloth); crab meat (1 part suspended in 9 parts of water and blended); and whole egg liquid. Milk, meat broth, and crab meat suspensions were autoclaved (121 C for 15 min). Whole egg liquid was removed from clean eggs (11) .
Repair of injury was studied by adding 1 ml of the frozen food sample containing E. coli to either 9 ml of the respective food or to 9 ml of TSYB; the mixtures were incubated for 1 (Table 2) . Counts on TSYA varied little among methods. However, counts on VRBA and DLA showed wide differences; much higher numbers of cells were detected by surface plating than by pour plating on either of the two media. In both methods injured cells failed to form colonies on the selective solid media, but not on the nonselective solid medium.
The effects of nonselective and selective liquid media on injured cells were determined by adding frozen cells to TSYB, BGB, and LSB at 35 C. After mixing, samples were withdrawn within 1 to 2 min, serially diluted, and surface plated on TSYA, VRBA, and DLA. Cells suspended in water were used as controls (Table  3) . Counts from water on VRBA and DLA indicated that more than 90% of the survivors were injured. Exposure to the selective liquid media caused death in about 60% of the surviving cells since about only 40% were detected from these media on TSYA. No such effect was observed with cells suspended in TSYB. Counts on VRBA and DLA from all three liquid media were higher than the counts from the control. This could be due to repair of some of aResults are the average of three trials. To study the effect of incubation of the injured cells for a longer period in liquid media, frozen cells were suspended in tempered TSYB and BGB and water (106 cells/ml) and incubated at 35 C for 180 min. Another sample was first incubated in TSYB (107 cells/ml) for 60 min at 25 C and then transferred to BGB (10f cells/ml) at 35 C and incubated for another 120 min. At selected intervals, samples were withdrawn, serially diluted, and surface plated on TSYA and VRBA. The results in relation to the initial counts in frozen samples (10w cells/ ml) are presented in Fig. 1 . During the first 30 min in TSYB, the cell counts on VRBA increased rapidly, which was a reflection of repair. Between 30 to 60 min the cells started multiplication as indicated by an increase in counts in both plating media. Cells in BGB showed a sharp initial reduction on TSYA counts but a simultaneous increase in VRBA counts (Fig. lb) . We assumed that cells with various degrees of injury were present in the population; those which were less injured were not susceptible to BGB and thus showed repair, whereas those which were relatively more injured were susceptible and showed loss in viability. However, when the cells were allowed to repair in TSYB for 60 min at 25 C and then transferred to BGB at 35 C, the repaired cells showed resistance to BGB. Population levels in BGB after 180 min were higher when the cells were first allowed to repair in TSYB rather than when they were transferred to BGB directly.
Effect of temperature of incubation on the repair and growth of injured E. coli. The amount of repair in TSYB as a function of incubation temperature was studied by incubating the injured cells in tempered TSYB at temperatures between 0 to 45 ± 1 C. Samples were withdrawn at 30 and 60 min after incubation, diluted, and surface plated on TSYA and VRBA. For initial counts, cells suspended in water (control) were plated. The results (Fig. 2) indicate that the number of uninjured cells increased from an initial 6% (control) to more than 90% when incubation was for 30 min at temperatures between 20 to 45 C; this remained essentially the same from 30 to 60 min. At 15 C and below, very little repair occurred in 30 min; after 60 min about 65% of the cells repaired at 15 C. At 35 and 45 C cell multiplication was initiated at 60 min (data not presented).
For proper enumeration of E. coli the period for repair should be completed before cell multiplication starts. The time of initiation of multiplication was determined by incubating the injured cells in tempered TSYB between 20 to 45 C for 240 min and plating on TSYA (Fig.  3) . Cell multiplication started between 30 to 60 min at 35 and 45 C, 60 to 90 min at 30 C, 90 to 120 min at 25 C, and 180 to 240 min at 20 C.
Death, injury, and repair of E. coli frozen in foods. E. coli cells after freezing and thawing in sterile milk, liquid whole egg, meat broth, and crab meat were serially diluted and surface plated on TSYA and VRBA. The results (Table 4) indicated that cell death was 40% or higher in foods other than milk. However, in all foods 75% or more of the survivors were injured. After 1 h of incubation at 25 C in the respective food (water for control), the number of injured cells decreased in all four foods, suggesting that the cells had repaired. But with the exception of milk, the amount of repair in the other three foods was low, since about 50% of the cells remained injured. Repair in TSYB under the same conditions was much higher in all cases including the control.
The enumeration efficiencies of the surface and pour plate procedures on TSYA, VRBA, and DLA, and by MPN in BGB and LSB were observed on unfrozen, frozen, and repaired E. coli cells in liquid whole egg. TSYA counts by surface plating were assumed to be 100% (Table 5 time and temperature of such treatment should be standardized. In our laboratory with laboratory strains of E. coli, 1 h of treatment at 25 C in TSYB has been found to be optimum.
A greater degree of variability in the detection of E. coli by the MPN was observed in this study; this was also observed with unfrozen cells (11) . Several other workers have reported poor reproducibility of the MPN method and have preferred the use of direct plating on VRBA and DLA for the enumeration of coliforms from foods (5, 6, 9). Direct plating on VRBA has been reported not only to give higher reproducible results and quantitative isolation of low numbers of coliforms from foods, but also to require less time (4, 5) . Other workers have found that VRBA and DLA are equally satisfactory (5, 9) . We obtained relatively higher and more reproducible enumeration of E. coli on VRBA than on DLA from both unfrozen and frozen samples, especially by the pour plate method with certain sensitive strains (11) . Surface plating reduced the inhibitory effects of both selective solid media and allowed higher detection of E. coli. This was observed more with VRBA than DLA. Studies currently are in progress to evaluate the effect of the repair process on coliform counts of naturally contaminated foods.
